The underground biomass of a reserved field which had not been cultivated for three years, exceeded that of the aboveground living vegetation throughout the year. The mean amount of the aboveground detritus, including both loose litter and rooted nonliving parts of the vegetation, was in dry weight 300 g/m 2 . It was at its minimum end of June and early July. The aboveground net primary production measured by the harvesting method was 405-415 g/m 2 . year depending on the way of calculation, and the underground production was 343 g/m 2 . year. Seasonal dynamics of the green biomasses of 56 taxa could be studied and five groups were formed on the basis of the time and duration of the biomass maxima. Dsing Renkonen's and Sorensen's indices three seasonal aspects of the vegetation could be distinguished.
Introduction
In the 1960's the authorities concluded that there was an excess of cultivated area in Finland. In April 1969 a law of restrictions on the use of cultivated fields was enacted. Subsidies were to be paid to farmers who ceased cultivating their fields, with the contract to be valid at the most for 15 years. The last contracts could be signed on 1 May 1974.
The total cultivated area in Finland was 2.6 million hectares in 1975. Contracts of field reservation amounted on 31 December 1975 to 27 833. The total area of reserved fields was 182 211 ha and the area of forested fields was 22 056 ha. Several reports have been published about the field reservation The samples were deep-frozen and sorted later by hand and tweezers. Agrostis (A. tenuis (> 95 %), A. canina and A. stolonifera) and some Car ex species (C. canescens, C. echinata, C. nigra and C. pallescens) were not identified when sterile. Neither were the mosses identified. Detritus was considered to consist of the loose litter on the ground and the non-living parts (brown) of the aboveground rooted vegetation. The sorted samples were allowed to dry in open paper bags in a dry room for three months. Thereafter they were weighed to nearest 0.1 gram. The water content of the air-dried samples was determined by drying ten samples in an 85°C oven. The mean water contents of the monocotyledons, dicotyledons and detritus were 6.3 %, 5.8 %, and 6.0 %.
The results are given in absolute dry weights per square meter. Energy contents of the plant materials were not determined, but when changing dry weights into energy units, the constant 1 g dry plant material equal to 17.6 kj or 4.2 kcal, was used (Cummins and Wuycheck 1971) .
The biomasses of the different plant taxa were evenly distributed among the sampling sites. Only the green biomasses of Achillea millefolium, Agrostis spp. Carex spp., Festuca rubra, Poa pratensis s. lat. and Bryophyta had almost significant differences between the sampling sites. Only the detritus had a clearly uneven distribution (F = 2.485***).
The nomenclature of the vascular plants is according to Ehrendorfer (1973) .
Underground parts of vegetation
The underground parts of vegetation were sampled by a soil auger from the midpoints of the clip-plots after clipping. Soil augers with an area of 100 or 150 cm 2 and a depth of 20 cm were used. The underground parts of some plants penetrate far deeper than 20 cm, but obviously more than 90 % of the underground biomass was included into our samples (see Linkola and Tiirikka 1936, Traczyk 1968) . Golley (1960) took samples down to 15 cm and Wiegert and Evans (1964) to 20 cm.
The underground parts of the vegetation were separated from the soil by a sieve set (mesh sizes 10,5 and 2.5 mm) and a water jet. The ash content was determined by keeping root samples in 550°C oven for three days. The ash per cent was on the average 6.7 ± 0.8 %, thus obviously very few mineral particles remained in the samples after washing. The biomasses of the underground vegetation are expressed in the same way as those of the aboveground vegetation.
Arthropods
The arthropods were sampled by a Burkard suction apparatus from 0.5 m high circular metal enclosure with an area of 0.25 m 2 placed on the ground. A suction time of three minutes was used and the samples were taken beside the clip-plots before clipping. The sampling dates were the same as those for the vegetation, and every time one sample was taken from each of the twenty sampling sites. The suction apparatus broke down on 21. VIII and only four samples could be taken; in addition 13 samples were taken on 2. VIII. The samples were always taken by the same person. Heikinheimo and Raatikainen (1962) have studied the efficiency of the suction method and compared it to the netting method. Suction samples are more reliable and give information on the actual densities. Among the disadvantages of the suction method may be mentioned the following: different ecolocigal and taxonomical groups do not enter the samples at equal efficiency and weather, and the quantity and quality of the vegetation greatly affect the efficiency. In addition many specimens are damaged. The quantitativity of suction samples was studied in this work by taking 3-4 samples from the same place, isolated by a cloth and the sampling enclosure, at intervals of about ten minutes. Using the method of Andkzejewski and Jezierski (1966) the efficiency of the first three minute suction could be estimated to be e.g. for leafhoppers 90 %, for Oribateid mites 70 %, for Collembolas 55°/ 0 and for spiders 50 %. However, the results obtained from single suctions were not corrected by these values.
Vertebrates
The occurrence of small mammals was studied by catch-mark-recatch method. High trap mortality caused the failure of the method in shrews.
Swedish Ugglan Special traps baited with cheese and dried apple were used.
The trap sites are given in Fig. 2 . Trapping was performed in six periods (in brackets the number of trapping nights per period): 29. IV-22. V (4), 29. V -3. VI (6), [18] [19] [20] [21] [22] . VI (5), 18-21. VII (2), 22-25. VIII (4) and 5-8. X (4). The animals were identified, weighed and marked by clipping toes.
Observations on birds, amphibians and reptiles were made during the field work and some of the animals were weighed.
Statistical calculations
The data was treated statistically in the 
Results

Primary production
Net primary production of the vegetation can be defined as follows: (Fig. 3) . It should be noted that the curves do not represent rates of net production, although they roughly describe its seasonal distribution.
The sum of the aboveground and underground net production was 749 g/m 2 , when the aboveground annual net production is estimated by summing the peak green biomasses of different taxa. This is equal to about 13 200 kj 
Seasonal dynamics and aspects of the vegetation
The seasonal dynamics of the main components of the vegetation are given in Fig. 4 . The green biomass and underground parts of the vegetation presented striking seasonal variations. The amount of detritus decreased in spring and early summer when the temperature rose, reached its minimum during the summertime when the rates of development and the decomposition of detritus were equal, and began to increase rapidly in the beginning of September when the temperature began to drop. In winter when the aboveground vegetation was almost totally dead, detritus reached its maximum value (about 450 g/m 2 ). The green biomass of the dicotyledons had a more distinct peak than the monocotyledons, whose biomass remained even from the beginning of July to the beginning of September. The proportion of the green biomass of total biomass, excluding detritus, was highest on 21 July amounting to 38.4 %.
On the basis of curves describing seasonal variations in the green biomasses and percentages of plants, the taxa could be divided into five categories (Figs. acris, and R. repens. All the species were dicotyledonous and none of then had a high biomass. Their percentages were highest in spring, early summer or sometimes mid-summer.
2) Parabel shaped biomass curve. The increase and decrease of the green biomass was slower than in the previous group. Achillea ptarmica, Phleum pratense, and the rarely occurring Anthoxanthum odoralum belonged to this group. Achillea ptarmica was the most abundant taxon and Phleum pratense the fifth. The proportion of the species was highest in midsummer.
3) Long maximum. Agrostis spp., Poa pratensis s. lat., and Deschampsia caespitosa had long maxima, which probably included weak minima. However, the bimodality of the curves is not statistically significant. The percentage curve of Deschampsia caespitosa differs clearly from those of the species in the previous groups, since the green biomass of this species was high already early in the spring and it remained high until late autumn. The percentage of Poa varied, but generally it increased towards autumn. Agrostis spp. had maximum dominance values in mid-summer and its precentage curve greatly resembles that of Achillea ptarmica. Festuca rubra had its maxima at the end of July and in September. The difference between summer minimum and maximum is almost significant (t = 1.58°). The percentage of the species was in maximum on 29. IX during the wet season preceded by an unusually dry July. The taxa in this as well as in the previous group were dominants and the second and third groups resemble each other by and large. 4) Late maximum. Carex spp., C. leporina, Juncus filiformis, Cirsium heterophyllum and Filipendula uimaria belong to this heterogenic group. Carex spp. had biomass maximum on 13. VIII and the highest percentage value on 29. IV. Carex leporina had its peak biomass 5. IX after an even growth, and its proportion was highest on 29 April. The taxa of this group grow often on wet or moist sites. Their green biomass was low and reached its maximum in late summer. 5) No clear maximum. Of the most important taxa, only Bryophyta did not have a clear maximum period. The proportion of mosses was greatest in spring and it rose again in the autumn after a long summer minimum. Vegetation can be divided into seasonal aspects in many ways. On the basis of the amount of green biomass and its changes, four aspects corresponding to the four seasons were separated (see Fig. 4 ).
1) Growth period. The amount of green biomass increased rapidly and production was high (approximate time limits in 1973 25. V -3O. VI).
2) Maximum period. Green biomass remained even at the level of about 300 g/m 2 and production was quite high, but also large amounts of new detritus were formed (1. VII-5. IX).
3) Withering period. Green biomass decresed rapidly and production was low (6. IX-l5. X).
4) Minimum pe rio d. Green biomass was very low (under 50 g/m 2 ) and production was negligible (1. 1-25. V and 15. IX -31. XII).
Vegetations of the different sampling dates were compared also with Sprensen's quotient of similarity and Renkonen's index (Table 2. ). The vegetation was quite even throughout the season, but on the basis of both indices three aspects can be formed. 
Arthropods
The seasonal dynamics of the most abundant arthropod groups are presented in Fig. 7 . In addition, representatives of Phalangida (3 specimens), Lepidoptera (3), Thysanoptera (11), and Orthoptera (3) were obtained from the suction samples.
The maximum of the mites was on 21. VII when their density amounted to 16 000/m 2 .
The difference between the sampling dates was clear (F = 11.61***). Most mites were Oribateids. The most abundant species was Apion marchicum Hbst. Altogether 164 specimens of this species, which hibernates when adult, were obtained, and the peak density 7.8/m 2 was on 13. VIII. Other Apion species were A. apricans Hbst, A. assimile Kby, A. cerdo Gerst., A. flavipes Payk., and A. simile Kby, whose total amount in 157 suction samples was 32. After Curculionidae the next abundant beetle family was Staphylinidae. The number of Coleoptera larvae increased rapidly at the end of July, and increased thereafter slowly.
The larvae were not determined, but obviously most of them belonged to the family Chrysomelidae.
The peak density of Diptera was 32.6/m 2 on 30. VI, and the difference between the sampling dates was clear (F = 20.46***).
The seasonal dynamics of Hymenoptera were quite similiar to those of Diptera: maximum 43.6/m 2 on 30. VII and F = 10.61***. Fig. 7 nymphs was noticeably lower than the peak density of the adults, probably because the suction method is less effective on nymphs.
The mean (weighed) densities, the maxima and the dates of the most abundant invertebrates are presented in Table 3 . The leafhopper species can be grouped into three phenological categories on the basis of the times of their maximum abundance (see Fig. 8 ). (Table 4) , and three seasonal communities were distinguished. 1) Autumn, winter and spring aspect. The only species of the community occurring at the adult stage was Delphacodes venosus. The nymphs of Doliotettix pallens and Stiroma bicarinata also belonged to this aspect, which occurred from the beginning of the year to the end of May, and again from the end of September to the end of the year.
2) Early summer aspect. This aspect was characterized by Doliotettix pallens and Diplocolenus ahdominalis and it lasted from the beginning of June to the beginning of July. During this period many changes in species composition and abundances took place and so the aspect is quite non-uniform. Other species typical to the early summer aspect were Stiroma bicarinata, Aphrod.es flavostriatus, and Javesella forcipata. 3) Mid-and late summer aspect.
Arthaldeus pascuellus, Agallia brachyptera, Elymana sulphnrella, Streptanus sordidus, Aphrodes flavostriatus, Deltocephalus pulicaris, Muellerianella brevipennis, Evacanthits interruptus, and Philaenus spumarius belonged to the uniform aspect lasting from the middle of July to the end of September.
Vertebrates
Trap sites and total catches per trap are shown in Fig 1. Table 5 shows the catches per trapping period.
The most numerous of the small mammals in the reserved field was Sorex araneus L., totalling 60 separate inviduals in the catches. The trap mortality was high and only one specimen was recaptured. The sex ratio among the 51 studied individuals was 25 males to 26 females. The majority of the shrews had been born in the study year. The seasonal maximum occurrence of the species was at the end of August. The species had a fairly uniform distribution in the study field, however, the best trap yielded six shrews and the upper part of the field somewhat more than the lower. The field vole (Microtus agrestis) population was still in the spring quite normal (about 10-15/ha), but in the summer the species disappeared totally. This might have been due to pygmy weasels (Mustela rixosa) nesting in a barn at the edge of the study area.
Saxicola rubetra (L.) and Motacilla f lava L. nested in the study area. Corvus corone L., Carpodacus erythrinus, (Pall.) and Emberiza schoeniclus (L.) were seen occasionally. Five Bufo bufo (L.) were trapped in connection with the small mammal trapping and several Lacerta vivipara Jacq. specimens were met during the field work.
5. Discussion 5.5. Primary production Studies in grassland ecosystems comparable to the present one have been published e.g. by Golley (1960 Golley ( , 1965 , Wiegert and Evans (1964) , Traczyk (1968 Traczyk ( , 1971 , Gyllenberg (1969) and Kosonen (1969) . Golley (1960) studied the energy dynamics of a food chain in an old field in Michigan. He used the maximum standing crop of the green vegetation as an estimate for aboveground net primary production. He calculated the underground production by subtracting the minimum biomass from the maximum. In a comprehensive study on the structure and function of a broomsedge (Andropogon) community Golley (1965) summed the maximum biomasses of different taxa to get an estimate of the net production of the aboveground vegetation.
The underground production was approximated in the same way as in his earlier work. Gyllenberg (1969) used the maximum biomass of rooted living and dead vegetation as an estimate of aboveground net primary production. Kosonen (1969) gives the total standing crop of aboveground vegetation including living and dead parts of the vegetation as net production. Traczyk (1971) used the maximum green standing crop as a value for primary production. In mowed fields he calculated the production by summing the yields of three successive mowings. Wiegert and Evans (1964) based the net primary production in two ways on the decomposition rate of detritus. The study was made on a waste field in Michigan. Traczyk (1968) calculated the aboveground vegetation in six different methods in a moist meadow community in Poland.
In the present study the vegetation was sorted according to the method of Wiegert and Evans (1964) and Traczyk (1968) , and the annual net production of the aboveground vegetation was calculated by summing the peak biomasses and by the shorter formula of Wiegert and Evans (1964) . The results of the above mentioned studies are given in Table 6 . When comparing the results the geographical and climatical differences the as well as variations in methods and terminology should be taken into account. None of the figures include the consumption of the herbivores. In the reserved field the herbivores consumed probably only few per cents of the net production. Each of the above mentioned variations of the harvesting method has its advantages and disadvantages. Measuring of the total aboveground peak biomass including the living and the dead material (e.g. Kosonen 1969 ) is the cheapest method, because sorting of the vegetation is not necessary. This method has, however, many serious sources of error, e.g. the detritus of the previous year is partly included in the production. The method based on the measuring of the peak green biomass is also cheap, because one sampling is sufficient, but it gives reliable results only in ecosystems where few species with a similar growth rhythm dominate. The method is more applicable in areas with a short growing season than in areas where the growing and dying take place almost throughout the year. This method was employed in the study of the regional productivity of Finnish hayfields (Raatikainen and Raatikainen 1975) . The mean aboveground yield of the hays was 335 g/m 2 in dry weight, which is 7 g more than the yield (standing crop) of green vegetation in the reserved field at the corresponding time.
Summing the peak biomasses of the invidual species or taxa gives a more accurate picture of the production, because it takes into account the fact that different species reach the peak biomass at differing times. The method is more laborious than the previous ones as it requires several samplings and careful sorting of the samples. The main error of this method lies in the differences in growth rhythm among invidual plants of the species. According to Traczyk (1968) also spatial variation in vegetation may cause too high peaks if the number of samples is not very large. This method yielded in the reserved field 405 g/m 2 -y, which is 76 g more than the maximum green standing crop.
The method described by Wiegert and Evans (1964) is probably the most accurate adaptation of the harvesting method (cf. also Traczyk 1968) .
The chief difficulty in their method lies in the reliable determination of the decomposition rate of detritus. According to their results, the actual production was 2.5-5.0 times larger than the peak green biomass due to extensive dying during the growing period. In contrast Odum et al. (1962) Table 7 ). Yearly changes in the production of meadows may be striking (Table 6 ).
Jakobsons (1972) The growing period in 1973 was in the Jyväskylä district warmer and more rainy than on the average. In spring 1974 the amount of detritus was greater than in 1973, so that the production in 1972 had obviously been lower than in 1973. One should, however, take into account the accumulation of detritus in old fields (Traczyk 1968 , Hokkanen 1976 .
The measurement of the underground production is much more difficult than that of the aboveground parts. No useful method for determining the mortality of roots has been described. The sorting of root samples according to species is mostly too laborious in ecological works. Frequently the root production is estimated by subtracting the minimum biomass from the maximum. This is an underestimate, because mortality and the consumption of animals are disregarded. In grassland ecosystems the ratio of aboveground production to underground production varies greatly (Table 6 ) (Bray 1963) . The total annual net primary production (above-plus underground parts) amounted in the reserved field to 750 g/m 2 , which converted to energy units, equals one per cent of the radiation energy usable for photosynthesis. According to Golley (1960) , roughly 50 per cent of the total radiation energy is suitable for assimilation. The energy assimilated by the plants was in fact greater, because about 25 % of the gross production is lost through respiration (Golley 1960) . In an abandoned field in Michigan the net utilization percent was 1.1 (Golley 1960) .
The plant taxa were divided in this work into five groups on the basis of curves describing seasonal variations in their green biomasses. The members of the two first groups (e.g. Achillea ptarmica and Ranunculus repens) had clear maxima in mid-summer followed by rapid withering and shedding. Their production could be estimated quite reliably, because the production after the biomass peak was obviously negligible. The species in the third group had » a long biomass maximum, which possibly included a minimum in JulyAugust (Deschampsid caespitosa, Poa pratensis, and Agrostis spp.) Although Traczyk (1968) states that most vascular plants in his study area had a clearly unimodal biomass curve, in 1964, when July was rather dry, e.g. Deschampsia had a weak minimum in July and August. The use of maximum green standing crop as an estimate for net primary production leads in these species to clear underestimation because the dying of vegetation conceals production during a long period. More accurate results would have been obtained by using the maximum value of the rooted biomass (green plus dead) as was done by Gyllenberg (1969) . The species in the fourth group had a late maximum after a relatively even growth and the method used was obviously quite valid because dying during summer was obviously on a small scale. Rappe (1963) has noticed in many graminids an internal growth rhythm, which is relatively weakly affected by external factors. Many graminids have, according to him, two growth maxima during the year. The biomass curves of Poa pratensis, Agrostis spp., and Deschampsia caespitosa point to the same conclusion. Festuca rubra has, according to Rappe, a long even growth period conflicting with the previous species. In the reserved field the green biomass of Festuca remained high for a long time end even increased in the late humid summer after a dry period.
Animals
The arthropods of the field stratum were sampled nine times by a suction apparatus. Corresponding studies on the fauna of grasslands have been made e.g. on a farm in Hälsingland in Sweden (Jurisoo 1964) and in the Vistula Valley in Poland. Jurisoo used the netting method and so was not able to estimate the actual densities.
Leafhoppers were the most numerous insects of the field stratum and the most abundant species were Arthaldeus pascuellus, Elymana sulphurella, Streptanus sordidus, Agallia hrachyptera, Muellerianella brevipennis, Aphrodes flavostriatus, and Diplocolenus ahdominalis. In a natural meadow in the Vistula Valley the dominating leafhoppers were Macrosteles leavis (Rib.), Delphacodes venosus and Arthaldeus pascuellus and the number of species common to both areas was eight. The peak density of the reserved field (329/ra 2 ) exceeded clearly that of the natural meadow in the Vistula Valley (42.5/m 2 ).
Aspects and the ecosystem
The vegetation of the reserved field was divided on the basis of SORENSEn's and Renkonen's indices into three seasonal aspects: 1) Autumn, winter and spring aspect, 2) Early summer aspect, 3) Mid-and late summer aspect. The same aspects were distinguished also visually from slides taken on each sampling day. They were named according to the visually dominating vegetation components: 1) Detritus aspect, 2) Ranunculus and 3) Achillea ptarmica Poaceae aspect.
The leafhopper aspects coincided well with those of the vegetation. They differed from the three seasonal communities of oat fields (Raatikainen 1971) . In addition to the largely different species composition, particularly the timing of the aspects is affected by the fact that many species of the oat fields hibernate elsewhere, which causes a delay in their occurrence in the oat fields.
Owing to their relative simplicity grasslands are perhaps the most thoroughly studied terrestrial ecosystems. However, no study covering the energetics of the entire ecosystem has been made. Energy budgets of single species or food chains have been studied, however (e.g. Golley 1960 , Wiegert 1964 , 1965 , Gyllenberg 1969 . Measurements required for an accurate estimation of secondary production were not taken in this study either (see Golley 1968) .
However, some features of the structure and function of the aboveground subsystem could be revealed. The biomass of the vegetation and animals was highest on 21. VII. The standing crops of green vegetation field stratum, herbivores and carnivores were 328, 1.0 and 0.06 g/m a . Soil or soil surface inhabiting mites and springtails are not included. The weights of animals are mostly taken from the results of studies in the Vistula Valley (Kajak 1971 , Andrzejewska 1971 , Olechowicz 1971 . The figures are only tentative, and, for example, the amount of carnivores may be overestimated, because some of them might prey outside the study area (shrews, pygmy weasel). The dynamics in amounts of total radiation (energy source), green biomass (primary producers), abundance of adult leafhoppers (example of the herbivores), and spiders (example of the carnivores) are given in Fig. 9 . It should be noted that the variables do not have the same units. It appears that the higher the trophic level the later it reaches the maximum. The curves indicate mainly the amounts of energy available to the next trophic level, but probably curves representing the actual production rates would have rather similar timings.
